apparently inactive. They would be rapidly lost from this surface in the course of the eruption of the tooth and the surface would rapidly acquire the appearance of a worn surface affected by attrition.
The absence of enamel from the lingual surfaces of these teeth promotes a chisel-like configuration of the incisal edge. The labial plate of enamel supported by the dentine of the tooth, wearing away more rapidly behind it, undoubtedly forms a sharp edge to the front part of the lower arch which operates very effectively upon food held in position by the hands of the animal.
It is hoped that further investigation of the non-productive internal enamel epithelial cells on the lingual surface of the baboon incisor may, by comparison with the normal ameloblast cells on the labial surface, provide information upon specific chemical and structural changes associated with enamel formation.
Acknowledgments: I am indebted to Dr W R Cook and Mr J Reid, University of Glasgow Veterinary School, for permission to present the dental abnormality in cattle; and to Dr A Murray Harper, Wellcome Laboratory, Garscube, Glasgow, for the specimens of baboon dentition. Mr (Burns & Allcroft 1964) . During the course of this work I looked at the teeth of about 12,000 cattle and of a number of sheep, and a description of some of the abnormalities in these animals may be of interest here. From the veterinary point of view, the subject of fluorosis is once more topical in Britain because of the plans to construct aluminium reduction plants in various parts of the country. The techniques of effluent-trapping have advanced a great deal in recent years, however, and a very high efficiency of containment is to be expected from these modem plants.
For comparison with dental fluorosis in man it may be of interest to describe the circumstances in which dental fluorosis has been harmful to cattle and sheep. There are certain similarities between the human and animal situations but also certain differences and I believe the subject to be appropriate to the interests of a Section of Comparative Medicine.
An important feature of fluorosis is that its manifestations are considerably affected by the nature of the environment. This applies, of course, to many diseases, but fluorosis provides several good examples. For instance, quite apart from the effect on teeth, one of the important characteristics of fluorosis in cattle is lameness. The incidence of this lameness is related not only to the fluorine hazard but also to factors in the environment which increase traumatic influences on the feet. Thus, in fluorosis areas more lameness occurs in districts where the ground is hard, such as on the clay soil of the brickfields which bakes very hard in the early summer. Also, in districts where it is customary to have the cattle housed completely in winter there tends to be a high incidence of lameness after they are turned out in the spring. In experimental cattle which are housed and whose feet are subjected to only a little traumatic influence there is relatively little lameness even though bone fluorine levels may be significantly higher than in the average field case.
The characteristic lesions of dental fluorosis in cattle and sheep are stain, wear and hypoplasia. Stain may vary from slight yellow to brown or black. Very different degrees of wear may be found in successive pairs of incisors so that alternate teeth may be high and low. It seems likely that this is due to different levels of intake of fluorine at different times according to seasonal variations in deposition or in the diet of the animals. In instances of severe wear incisors may be worn down to the level of the gum.
Lesions can be localized in particular teeth or in a particular portion of each of a pair of teeth. For instance, in a heifer which was experimentally given a high but comparatively brief intake of extra fluorine there was severe enamel and tooth hypoplasia of the third pair of incisors (Fig 1) . Those teeth which had completed their development before the high intake started were not affected, nor were the temporary teeth. The enamel of these latter is formed before birth and in cattle the amount of fluorine passing through the placenta into the foetus is not sufficient to cause lesions. In field cases, the continuing normality of teeth which had completed their development prior to the animal coming into a fluorosis area is often noticed.
The time relationship between fluorine intake and the development of dental lesions is illustrated by the experimental heifer mentioned above. The high fluorine intake had been started when the animal was 1 year 9 months old and this seems to correspond well with the timetable of tooth development in cattle compiled by Brown, et al. (1960) which indicates that the first two pairs of incisors will have completed enamel development by the time the animal is 1 year 6 months old, although, of course, they do not erupt until some time later. These teeth were in fact unaffected (Fig 1) . The enamel of the third pair would develop during a four-month period between 1 year 8 months and 2 years of age so that in this animal enamel development would have started a month before the fluorine intake began. There was well-marked hypoplasia of the enamel of the upper parts of the third pair. The lower part of the enamel was much less affected suggesting that it had developed before the upper part.
Bilateral symmetry is usually a notable feature of dental lesions, because of the synchronous development of each member of a pair of teeth.
However, if one tooth of the pair erupts earlier than the other it may show stain sooner, so that bilateral symmetry is temporarily absent (Fig 2A) . Subsequent staining of the other tooth establishes bilateral symmetry ( Fig 2B) . The depth of stain in fluorosed teeth does not seem to be closely related to structural defects. Some teeth, although darkly stained, have a relatively sound structure (Fig 3) . It is probable that in cattle the presence of stain in fluorosed teeth is dependent on staining by plant pigments, and that, given an enamel which is abnormal to some degree, the depth of stain is related more to the pigments in the diet than to the degree of severity of fluorosis. Cattle on fluorosis experiments indoors and receiving no grass or silage usually show little or no stain although the other lesions of dental fluorosis are well marked.
Abnormalities of the incisors interfere surprisingly little with feeding, always provided the grass is long enough to be gripped by the tongue or that the cattle are not dependent on eating uncut turnips. There are, however, a few cases in which severely worn teeth seem to be a cause of pain on drinking cold water. Considerable numbers of cattle do, however, seem to continue in good condition despite having well-marked incisor lesions and it is probably justifiable to consider most incisor abnormalities as being of diagnostic or cosmetic significance only. One point that should perhaps be mentioned is that incisor lesions can be of economic importance in some districts where people who buy cattle age them by their teeth like horses. During this inspection the incisor lesions are likely to be perceived and used as a negotiating point for obtaining a reduction in price.
More important than damage to incisors is damage to the cheek teeth, the premolars and molars. In some cases damage is severe enough to interfere with chewing the cud, a particularly good example being the animals investigated near the Fort William aluminium factory (Boddie 1949). These were particularly severe cases, however, and in many cases cheek-tooth abnormality is no more than a slight to moderate irregularity which does not impair the ability to chew (Allcroft et al. 1965) .
A very important point in this connexion is the effect on the cheek teeth of other factors in addition to fluorine. It was notable in the Fort William cases that, in both cattle and sheep, the damage to cheek teeth was a more prominent feature than in the cases seen in England. The degree of fluorosis was comparable and it seems likely that the environment was important. The Fort William animals were on hill grazing, much of which was rough grass and heather, all the year round, whereas the others, by contrast, were on lowland pastures with kale and silage, a less fibrous diet which would be expected to constitute a less severe load on the teeth. It is also notable that in fluorosis in sheep in Morocco, where there is a combination of fluorosis, dust, and fibrous grazing, the cheek-tooth damage is severe.
The age at which ingestion of fluorine starts may also be important. In jaws in which cheektooth damage is severe the lower fourth cheek tooth is often notably affected. The enamel of this tooth is completed early, under 6 months of age, and it seems likely that only in lambs and calves born and reared at pasturethat is, in hill farming conditionswould the fluorine intake start early enough to affect this tooth. By contrast, in dairy herds, calves are usually reared indoors for a period which in industrial districts may be until they are about a year old. Most calves are born in the first half of the winter and if they are not out the following summer they would then not be out until perhaps 15 or 18 months old. It is probable that the fourth and even the fifth cheek tooth may have completed enamel development before much fluorine intake starts. It is notable that in industrial districts cattle brought up in this way often have fairly normal cheek teeth and normal first incisors even though subsequent pairs of incisors are quite severely affected.
In some cases the biting surface of the cheek teeth is uneven although the teeth themselves are not abnormal, the unevenness of.the bite being attributable to the unevenness of the alveolar margin where the bone appears to have collapsed. Bone fluorine analyses in one sheep flock which had this abnormality showed levels which were somewhat above the normal. The sheep, however, had neither incisor nor cheek-tooth lesions, which suggests that they had acquired their excess fluorine after they had come into the area as adult ewes. The pastures were rather fibrous and a probable explanation is that the combination of the two factors of (a) reduced bone strength due to some degree of fluorosis, and (b) the extra mechanical load arising from the fibrous nature of the pasture they had to eat, resulted in some resorption of the alveolar margin.
There are some features of teeth which might be regarded as the abnormalities of normal teeth, that is, defects in teeth which are not dental fluorosis but have been mistaken for it. The most common perhaps is the enamel fleck frequently found in normal cattle in the third pair of incisors. As wear progresses the enamel fleck may develop into a notch. This enamel fleck would seem to be the only site in which true caries occurs in cattle. Another important feature is staining of the dentine on the occlusal surfaces of incisors. Farmers sometimes regard this as dental fluorosis. A fairly frequent finding is food scale, particu-iarly common in sheep. This is usually easily Identified because it can be scraped or chipped off. In sheep particularly, normal cheek teeth are often very dark brown or black.
Another abnormality which has no connexion with fluorosis but which might result in stain is pink tooth or porphyria. There have also been reports that the teeth of pigs have been discoloured by an intake of tetracyclines.
A condition in sheep known as 'open mouth' is in fact not a disorder of teeth but of bone. It is a distortion of the mandible with bone rarefaction. The mandible has a high proportion of osteoid and it becomes distorted in such a way that the sheep cannot close its mouth (Nisbet et al. 1968) .
A few points about periodontal disease may be of interest from the comparative aspect. This condition is important in sheep farming and the cause is still in doubt. Sheep on some hill farms begin to shed their permanent incisor teeth earlier than do sheep on other hill farms. The first signs may be observed as early as the end of the second summer of the sheep's life and by the end of the third summer half the sheep in a flock may be affected, that is, even before all their permanent incisors have erupted. Affected teeth often start to migrate soon after they have reached the fully functional position. At the time of migration radiographic examination shows that there is no resorption of bone but usually this follows rapidly after migration. The sequence of events seems to be that the first changes occur in the soft tissue around the tooth, a pocket forms, this increases progressively, the tooth becomes loose and forward occlusion occurs. At this stage resorption of alveolar bone is occurring. The condition is most severe in late summer and autumn and an interesting feature is that almost all the deterioration that occurs in a year is seen in the period July to November, coincident with the period of heaviest grazing and at a time when ewes are in the latter period of lactation. It has not been possible to explain the disease by relating it to changes in the skeleton or to calcium, phosphorus and vitamin D intakes and resorption of alveolar bone may be marked even though the skeleton is in general well mineralized. It has been postulated that an important factor is feeding of whole turnips to sheep but the evidence is not conclusive. One of the aspects being investigated at present is whether the pathogenesis can be accounted for by the delayed effects on the bone of frost-bite (Quarterman & Dalgarno 1968) .
Periodontal disease in horses illustrates the important part played by mechanical or traumatic factors. At the time that draught horses were common in London it was estimated that about a third of them had some degree of periodontal disease (Colyer 1931) . The process seemed to start with the development, between the gum and the tooth, of a pocket which harboured a grain of corn or a few fragments of hay, a common feed at that time being hay or straw cut short. This pocket increased in size, the periodontal membrane became progressively more involved and this was followed by a loosening of the tooth and resorption of bone. A further example of the effect of mechanical factors is that horses living in range conditions in countries where drought conditions occur sometimes dig for roots. The chewing of these results in grit and sand getting between the gums and teeth and setting up a process similar to periodontal disease.
